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Abstract Prolonged monotonous driving may lower a driverʼs awareness level as well as increasing their
stress level due to the compulsion to maintain safe driving, which may result in an increased risk of a traffic
accident. There is therefore an opportunity for technological assessment of driver physiological status to be
applied in-car, hopefully reducing the incidence of potentially dangerous situations. As part of our long-term aim
to develop such a system, we describe here the investigation of differential skin temperature measurement as a
possible marker of a driverʼs stress level. In this study, after giving informed consent 25 healthy male (n＝ 18) &
female (n＝ 7) subjects (26.8± 8.0 S.D. yrs) were investigated under environment-controlled conditions, whilst
being subjected to simulated monotonous travel at constant speed on a test-course. We acquired physiological
variables, including facial skin temperature which consists of truncal and peripheral skin temperatures (Ts)
using thermography, beat-by-beat blood pressure (BP), cardiac output (CO), total peripheral resistance (TPR),
and normalized pulse volume (NPV) used as an indicator of local peripheral vascular tone. We then investigated
the driverʼs reactivity in terms of skin temperatures with this background of cardiovascular haemodynamics. We
found that the simulated monotonous driving produced a gradual drop in peripheral Ts following the driving
stress, which, through interpretation of the TPR and NPV recordings, could be explained by peripheral
sympathetic activation. On the other hand, the truncal Ts was not influenced by the stress. These findings lead us
to suggest that truncal-peripheral differential Ts could be used as a possible index indicative of the driverʼs stress.
In fact, a significant correlation was confirmed between stress reference of BP and differential skin temperatures.
Keywords : cardiovascular parameters, monotonous driving, safer driving, skin temperature, stress.
1. は じ め に
警視庁の交通事故統計によれば，平成 20年度の交通事
故死者数は 5,155 人で，平成 4 年のピーク時（11,451 人）
に比べると次第に減少してきているC1D．この成果は，広
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Tst− Tsp ＝± DTsp-stress＋ a（const.）・・・④
ただし，a：安静時の 2部位間の部位温度差C℃D







































PC2 台（Dimension XPS Gen4，DELL(株)，Texas），そ





間 隔 時 間（RR ms），心 拍 出 量（cardiac output；CO
l<min），aアドレナリン作動性末梢交感神経の働きを示す




















運転免許保有の健常成人男女 25 名（26.8 ± 8.0 S.D. 歳）
であった．なお性別差・年齢差の検討も視野に入れ，若
年層男性 11 名（young male；YM：Sub.01-11：21.5 ±
0.8 S.D. 歳），若 年 層 女 性 7 名（young female；YF：
Sub.12-18：23.4± 2.2 S.D.歳），中高年層男性 7名（mid-
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表 1　被験者データ（性別，年齢，運転歴，運転時間）
   Table 1　 Basic information of between individuals（sex, age, driving experience, 
driving time）.
Subject No. Sex Age Driving experience, year Driving time, min
Young male
Sub.01 M 21 1.5 120
Sub.02 M 21 1 107
Sub.03 M 21 2 62
Sub.04 M 21 2 105
Sub.05 M 21 2 120
Sub.06 M 21 1.5 61
Sub.07 M 22 2 112
Sub.08 M 21 2 120
Sub.09 M 23 0 120
Sub.10 M 23 3 52
Sub.11 M 21 1 120
Mean 21 1.64 99.91 
S.D. 0.8 0.78 27.36 
Young female
Sub.12 F 23 2 120
Sub.13 F 22 3 55
Sub.14 F 27 5 67
Sub.15 F 26 1 68
Sub.16 F 23 2 110
Sub.17 F 22 2 89
Sub.18 F 21 1 57
Mean 23 2.29 80.86 
S.D. 2.2 1.38 25.96 
Middle male
Sub.19 M 31 8 120
Sub.20 M 31 10 120
Sub.21 M 31 8 120
Sub.22 M 35 10 120
Sub.23 M 49 30 120
Sub.24 M 44 24 120
Sub.25 M 33 14 120
Mean 36 14.86 120.00 




















































Fig. 2 Region definition of the face.
図 3 単調運転ストレス負荷中の鼻部熱画像


























末梢循環抵抗 TPR（Total Peripheral Resistance：＝
MBP/CO），基準化脈波容積 NPV，指尖部皮膚温 Tf，鼻







する 1 要因分散分析を行った結果，YM 群では Tf<Tsfh
<Tsch以外，YF群では RR<Tsch<Tsj<Tsf以外，MM群では
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図 4 計測対象量と各皮膚温差分値の時系列変化（若年層男性
11名）
Fig. 4 Summarized results of trend-charts of physiological
variables together with those of differential skin
temperatures. Asterisks indicate significant deviation
according to the Dunnett test (*p＜ 0.05, **p＜ 0.01).
See text for symbols and explanation. (Young male





Fig. 5 Summarized results of trend-charts of physiological
variables together with those of differential skin
temperatures. Asterisks indicate significant deviation
according to the Dunnett test (*p＜ 0.05, **p＜ 0.01).
See text for symbols and explanation. (Young female




Fig. 6 Summarized results of trend-charts of physiological
variables together with those of differential skin
temperatures. Asterisks indicate significant deviation
according to the Dunnett test (*p＜ 0.05, **p＜ 0.01).
See text for symbols and explanation. (Middle male
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図 7 計測対象量と各皮膚温差分値の時系列変化（全被験者 25
名）
Fig. 7 Summarized results of trend-charts of physiological
variables together with those of differential skin
temperatures. Asterisks indicate significant deviation
according to the Dunnett test (*p＜ 0.05, **p＜ 0.01).
See text for symbols and explanation. (Whole sub-






















































Table 2　Test statistic of 1-way analysis of variance.
Measures YMa YFb MMb Wholec
F11,110 η2p F11,66 η2p F11,66 η2p F11,264 ε η2p
MBP, mmHg 14.73＊＊ 0.60 5.70＊＊ 0.49 15.77＊＊ 0.72 32.45＊＊ 0.22 0.58 
RR, ms 4.91＊＊ 0.33 0.71 0.11 1.15 0.16 1.30 0.23 0.05 
CO, l/min 1.94＊ 0.16 2.41＊ 0.29 0.61 0.09 0.83 0.34 0.03 
TPR, mmHg/l/min 15.17＊＊ 0.60 3.35＊＊ 0.36 12.33＊＊ 0.67 27.11＊＊ 0.24 0.53 
NPV, unitless 10.36＊＊ 0.51 9.29＊＊ 0.61 9.05＊＊ 0.60 26.82＊＊ 0.28 0.53 
Tf, ℃ 1.80 0.15 11.64
＊＊ 0.66 4.62＊＊ 0.44 10.89＊＊ 0.26 0.31 
Tsn, ℃ 8.82
＊＊ 0.47 4.74＊＊ 0.44 2.25＊ 0.27 11.92＊＊ 0.52 0.33 
Tsfh, ℃ 1.16 0.10 1.96
＊ 0.25 1.47 0.20 3.82＊ 0.23 0.14 
Tsch, ℃ 1.21 0.11 0.43 0.07 0.26 0.04 0.76 0.47 0.03 
Tsj, ℃ 2.33
＊ 0.19 1.55 0.21 1.08 0.15 3.53＊＊ 0.52 0.13 
Tsf, ℃ 2.22
＊ 0.18 0.94 0.14 0.90 0.13 2.00 0.50 0.08 
Tsfh－sn, ℃ 12.41
＊＊ 0.55 10.90＊＊ 0.65 4.24＊＊ 0.41 21.98＊＊ 0.34 0.48 
Tsch－sn, ℃ 11.51
＊＊ 0.54 7.58＊＊ 0.56 2.62＊＊ 0.30 16.77＊＊ 0.42 0.41 
Tsj－sn, ℃ 16.21
＊＊ 0.62 7.62＊＊ 0.56 3.85＊＊ 0.39 21.99＊＊ 0.47 0.48 
Tsf－sn, ℃ 12.98
＊＊ 0.57 8.76＊＊ 0.59 3.20＊＊ 0.35 21.99＊＊ 0.47 0.48 
YM: Young male, YF: Young female, MM: Middle male
an=11. bn=7. cn=25









































生体医工学 48巻 2号（2010年 4月）（172）
図 8 ストレス指標としての血圧MBPと各皮膚温差分値の相関関係
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